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low gloss coating composition is particularly useful for 
increasing the difference in gloss, or delta gloss, be- 
tween a substrate coated with the low gloss composition 
and ink applied to the low gloss coated substrate.^ 
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Description 

FIELD OF INVENTION 

The present invents rentes to a low gloss coating compost useful for i m proving the print qua.rty of inks applied 
onto the low gloss coating composition. 

BACKGROUND 

t^n dlfcult. Fo, sxampki. « has bsen . P<oMem » f™" ,„ a |„„ tetwesn Ilia irk arid coaled 

on W «*»««. and glost o< ink WW »M ^ S "°^™* "^"^ g kL»al.d aubslrata v»ua»y 

as delta gloss, mottle, and ink holdout, can be used to q ua »»™™> '* j substrate where the surface has 

coated substrates where print quality problems occur f ^"^ paper board; paper 

' deSi USPatentNo. 5 . 2 83,129toRenk,et.a.,here^ 

for light weight paper containing delaminated clay. calcined *ay. ^^S^S^wSw* core plastte pig- 
agent and lubricant. Renk discloses that the whitening P^.^Jj^*^^ pigm ents also assist in 
ments primary for increasing the opacrty of the paper. Although rt is sfghty improved because the 

5 increasing ink gloss, experience shows, as deta ^^^^SS^^ catering. 

plastic pigments also contribute to mcreasmg the sheet gloss ; o [^J^^^^.^ discloses , he use of 
US Patent No. 5.510.422 to Bfcnkenship et. al. hereinatt JSJJS'on. vo id, at least one 

composition to improve delta gloss. ^ M e»hanrintnuaiitvof ink aDDlied to a substrate 

LdesirabletoprovWeatowglosscoatingcom^^ 

coated with the low gloss composition. This invents -*^^J^^ SSSSor of the partes. It is 
*f sitions certain polymer particles having at .east one ^ J ^ ' a tow gloss imposition, 
unexpected that these particles improve print qualrt.es such as delta gloss in a low gioss co P 

STATEMENT OF THE INVENTION 

so The present invention prov.es a low gloss coating ^J^Sjtf^ 

one or more pigments; wherein the polymer pamcl es comp '*°*"^lTZ *ZTone channel connecting 
one void; at least one polymer shell phase at least ^l^^^,^^ comprises from 1 .0 part by 

ss has a 75° sheet gloss of 50 percent or less. 
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m^artictes v^ich can bemodrfied to form the polymer particles useful in the tQ 
The polymer particles are present in the low gloss coating compost ,n an ^ n '^'^^ty 
50 parts by weight, more preferably from 2 parts by weight to 20 parts by weight, and most preferably from 3 parts by 

which are then treated to form the polymer particles useful in the present ™«*°«- 

P«r axamole the Dolvmer particles useful in the present invention can be produced by the method disclosed n u. 

various (C^C^) alkyl, (CVCao) nyaroxyaiKyi, ui j 3 20/ 7 - crvtate butvl methacrylate, 2-ethylhexyl acrylate, 
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include tor example monoethylenically unsaturated compounds containing groups susceptible neutralization such as 
acid or base or groups susceptible to hydrolysis. The swellable compound may also be a nonpolymerizable compound 
which is incorporated into the polymer particle through techniques such as absorption or encapsulation and is suscep- 
tible to neutralization or hydrolysis. Preferably, the amount of swellable compound in the polymer part.de should be at 
s least 0.5 weight percent, more preferably from 1 weight percent to 70 weight percent based on the total weight of the 

unswollen polymer particle. . 

If a functional monomer is used as the swelling compound preferably the core contains at least 5 mole percent of 
the functional monomer based on total moles of monomer in the core phase. More preferably, the core phase contains 
at least 1 0 mole percent; and most preferably from 30 mole percent to 60 mole percent of a functional monomer based 

w on total moles of monomer in the core phase. ( i^„„,ii,. 

Examples of functional monomers include for example acid containing monomers such as acrylic acid, methacrylic 
acid itaconic acid, aconitic acid, maleic acid, maleic anhydride, fumaric acid, crotonic acid, acrytoxypropionic acid 
methacryloxypropionic acid, acryloxyacetic acid, methacrylic anhydride, methacryloxyacetic acid, monomethyl acid 
maleate. monomethyl acid itaconate, monomethyl fumarate. vinyl sulfonic acid, acrylamidopropanesuBonic acid, or 

is combinations thereof; base containing monomers such as vinyl pyridine, 2-(dimethylamino)ethyl (meth acrylate. 2- 
(tert-butylamino)ethyl (meth)acrylate, 3-(dimethylamino)propyl (meth)acrylamide, 2-(diethylam.no)ethyl (™th)acr- 
ylate 2-(dimethylamino)ethyl (meth)acrylamide; or hydrolyzable monomers such as C, to C 16 alkyl (meth)acryiaie 
esters, including methyl methacrylate. ethyl acrylate. butyl acrylate, hexyl acrylate, 2-hydroxyethylacrylate, or vinyl 
esters such as vinyl acetate, vinyl propionate, vinyl butyrate. vinyl pivalate, vinyl laurate, or vinyl decanoate or combi- 

20 nations thereof. Preferably, the functional monomer is an acid or base functional monomer, and most preferably is an 

acid functional monomer. . n K 

If the swellable compound is a nonpolymerizable compound, preferably the polymer particle conta.ns from 0.5 
weight percent to 70 weight percent, more preferab^ from 1 weight percent to 30 weight percent and most preferably 
from 5 weight percent to 20 weight percent of the nonpolymerizable compound based on the total weight of the unswol- 
2S len polymer particle. Suitable nonpolymerizable compounds include for example base or acid containing compounds 
such as C 6 to C 12 aliphatic or aromatic carboxylic acids, or C 6 to C 12 aliphatic or aromatic amines, and hydrolyzable 

^ThTcore phase, whether obtained by a single stage process or a process involving several stages, preferably has 
an average particle size of from 20 nanometers to 1000 nanometers, and more preferably from 100 nanometers to 

30 500 nanometers in unswollen condition. If the core is obtained from a seed potymer, the seed polymer preferably has 

an average particle size in the range of from 20 nanometers to 200 nanometers. 

After the core phase is obtained, a subsequent stage or stages of emulsion polymerization is effected to form a 
polymer shell phase on the core phase. The shell phase at least partially encases or surrounds the core phase. Pref- 
erably the shell phase completely surrounds the core phase. 

35 One or more monomers are polymerized to form the shell phase on the core phase. Preferably the monomers are 
any of the monoethylenically unsaturated monomers mentioned hereinbefore for making the core phase. More pref- 
erably the shell phase comprises one or more (C, -C*) alkyl. (C n -C 20 ) hydroxyalkyl. or (Ca-Ca,) alkenyl esters of (meth) 
acrylfc acid. It is also more preferable that the shell phase is a copolymer containing two or more different monomer* 
The amount and type of monomer polymerized in the shell phase should permit the core to swell and allow the 

40 shell to form the channel connecting the void to the exterior of the particle with swelling^ The shell phase should pref- 
erably have a glass transition temperature (Tg) of from -40'C to 105°C. more preferabfy from - 10 C to 105 C and 
most preferably from 35»C to 80'C. The polymer particle in an unswollen state, preferably has a weight ratio of core 
polymer to shell polymer from 1:1 to 1:20, preferably from 1:1 to 1:10; and most preferably from 1:2 to 1.8. 
P Monomer* mixtures for making the shell phase also preferab* contains less than 15 

4S preferably from 0.1 mole percent to 8 mole percent of functional monomer, based on the total moles of mon ome n 
the shell phase. The presence of some functional monomer in the shell phase promotes permeability of the shell to 

th ° Co" ttXmer ^ges may optionally contain polyethylenically unsaturated monomers such as ethyleneglycol 
di(meth)ac.ylate. allyl (meth)acrylate, diethyleneglycol di(meth)acrylate. 1 .3-butanediol di m eth acrylate djthyl- 
so enegluco. dT(meth)acry4te. trimethylolpropane trimethaciylate, or diviny.benzene. The amount of P^^ 1 * 
saturated monomers is preferably from 0 to 15 mole percent and most preferably from 0 to 3 mole percent based on 

the total moles of monomer in the polymer stage. 

The average particle size of the polymer particle after swelling is from 100 nanometers to 4500 nanometers pre- 
erably from 150 nanometers to 2500 nanometers, and more preferably from 200 to 2000 nanometers and most pref- 

55 erabtv from 300 to 1500 nanometers. . ^ 

The water uptake of the polymer particles is preferably from 0.1 to 4.0 grams water per grams polymer particles, 
and more preferably from 0.2 to 3.0 grams water per grams polymer particles. rwonHinn 
Once the particles are formed, the particles are swollen by contacting the particles with a swelling agent. Depending 
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on the tvDO and amount of swelling compound in the core, the time of exposure to the swelling agent is from about <X5 
^SSrSiing agent causes the core to swell to form at least one void in the core phase and one or 
more ctannela ^c^necttg the void to the exterior of the particle. During this swelling step, it has been found that the 

from 15 to 35 weight percent, and more preferably from 15 to 25 weight percent. It is preferred that thea^nld 
sTlling agent added be enough to complete* neutralize or hydrolyze, as the case may be, the swelhng compound ,n 

thfl ^e Sng agent chosen must be capable of interacting with the swelling compound to swell thecore J, ^ core 
is completely surrounded by the shell potymer, the swelling agent must also be capable of permeating 
ndeoendently or in the presence of another compound which aids permeation. For example, rf an acid funct.onal 
^^TacZLpo^z^ compound is incorporated into me core, an organic or inorganic base may be ^used 
To swTthe core. If a base functional monomer or base nonpolymerizable compound is .ncorporated i 
orotic or inorganic acid may be used to swell the core. If a hydrolyzable functional monomer or hydrolyzab to ^nonpo- 
Jme ^^ble confound is incorporated into the core, an aqueous inorganic acid or base may be 

: Examples of swelling agents which can be used include any base in a gaseous or ™ or 

amines, sodium hydroxide, potassium hydroxide, lithium hydroxide or combinations thereof, or adds in a gaseous or 
aaueous media such as formic acid, acetic acid or combinations thereof. t u-^-»-«f«, a 
Fa^toTs which can effect the swelling and formation of the polymer particles include for example th^kness of the 
she. tftness- ^she... amount of swelling compound in the core, permeability - ^^^SSSSi 

j and exposure time and temperature of the particles to the swelling agent. These variables can be altered to promote 
£L %Z I «n of the' vo« and channel within the po*mer particle. For «^ 

ature (To) of the core or shell is above standard ambient temperature, it may be necessary to heat the potyme partes 
above^eiXono add a solvent to soften the polymer particles, to effect swelling. Also, as the ^"£2 
compCd is Leased in the core, less time will be needed to swel. the particle. If the amounl ^of swel ng expound 
s is low in the core, the temperature during swelling can be increased to facilitate swelling. The <^ << <£^ 
^dependent on the hardness of the shell in that as the shell hardness is increased, the more drfficult rt is to swell 

*" embodiment of the invention, the porymer partfc.es are formed by the method ^^j"^ 

Patent No 5 510 422 to Blankenship. et. al. These particles are produced by forming a core contam.ng an acid tunc- 

• encapsulating the core in a she,, polymer which is permeable to - 

and contacting the resuming polymer particle with an aqueous or gaseous base swelling agent to form a vo.d and 

TZS^ISSZ EE- I— contains at least 5 mo, percent, more preferably at .east 10 mo, 
oercen iid most preferably from 30 mole percent to 60 mole percent of the acid f unctional monomer based on total 

* SdZfir ta the core phase. Preferred acid functional monomers are acrylic acd, methacrylK acd, ma,,c 

*£S£^JZ£ 2S SS- partic.es, the low gloss citing compos*. . con^ns pigment. The 

40 ness an5 opacity The pigment is preferably added to the coating composition at a level of 70 parts by we*Mto99 
Dartsbywe°K^ 

TheZmen^s preVerablylorganic and includes for example clays ranging from fine to coarse in part.de size 
calc^dT^^^ 

^ r n ts SsTte silica, a.um?num silicate, hydrated a.umina. aluminum trihydrate; or comb.nat.ons thereof. Pre- 
45 ferred pigments are clays, carbonates or combinations thereof. 

The low qloss coating composition may also contain other components such as binder, solvent water and otner 

addSesZn^ 

according to techniques well known to those skilled in the art to prov.de a composrt,on havmg a 75 sheet gloss of 50 



SO 



ss 



stySnd acrylic acid; ethylene and vinyl acetate; and vinyl alcohol and vinyl aceta £ 
Tl^SSSSSito preferably contains water, sofcent or combinations thereof. The water or sofcent . pref- 
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erably added in an amount to provkle 40 weight percent to 80 weight percent, more 

to 75 weioht percent and most preferably from 50 weight percent to 70 weight percent solids based on the total weight 
of ^SSSS^Smm which may be used in the coating composition include for example 
hvdr^S, or aliphatic or aromatte alcohols. Examples of solvents include hexane, pentane, ^££2 
xJS toluene, benzene, mineral spirits and combinations thereof. Although the coating composite can be formulated 
uftinn soh/ant it is Deferable for the coating composition to be aqueous. 

lS citing cSmpositon may optionaSy contain other additives well known to those skilled in the art such as 
dispIlHgeL S brightened; insolubilizers; opacifying agents; rheology modifiers; lubncants; de^mer* 
S5£rtJ« agents; P H adjusting agents; buffering agents; anodizing 
thereof. These optional additives typically comprise from 0.01 to 10 parts by weight per 100 parts by weight pigment 

" ,h Th^: 9 g rs P cS compost is made by techniques wel. known to those skilled in the art. Preferably a 
dispersion of pigment is prepared, followed by the addition binder, porymer particles, and other addrtives to ach,eve 

the desired solids, pH, and viscosity. . . , 

in one embodiment of the present invention, unswollen or unruptured polymer parties may be added IXo he tow 
nlos "composition before being modified to form the voids and channels in the particles. For example, unswollen pol- 
Jme Z^ZTa^l the companion and then contacted in the compost with a sweNing -O^tofcnn 
lol aS channels in the partic.es. Unruptured po^mer particles, which have been partly "^<^»° » added 
to the composition and then contacted in the composition with a swelling agent to form the polymer particles. 

TTlXtosTcSting composition is useful for improving the print quality of inkapplied tothe low gloss composition. 
By W we m^anrSde any coating applied to the low gloss composition whfch is different from the low gloss 
coat Z c^mSSton including coatings such as varnishes and paint. Print properties which can be improved include 
oTlm^S gloss, inkholdout or mott.e. Preterabty. the po*mer particles provide a change * deKa j,loss (A 
delta gloL) from a composition containing no polymer particles of at least 2.0. more preferably at least 2.5. and most 

Pr °' gtoss citing composition may be applied to substrates which need a tow gtoss 
is then applied to portions of the coated substrate. For example, the ink can be printed onto the coated substrate to 
iT^sl^Z^ or pictures. Substrates which may be coated include for example P-^P-P^; 
paper products used for newspapers, advertisements, posters, books or magazines; and 

wall paper, wall board, or ceiling tile. Preferably the low gloss coating .s used to coat paper, paperboard, or paper 

Pr0C S eamount of low gloss coating composition applied to the substrate is generally from 0.1 5 g/rn 2 to 45 g/m 2 more 
oref erablv from 1 5 q/m 2 to 30 g/m 2 and most preferably from 3.0 g/m 2 to 21 g/m . 

' Ctw^oss citing composrtion may be applied to the substrate by techniques well known to those sk Wedhn 
the art Frexample. the coating may be printed, sprayed, or applied wtth a roll applicator, blade coater, a, knife, rod 
coater, or brush. 



EXAMPLES 



Some embodiments of the invention will now be described in detail. In the examples, partic le s,z ' ^asu^ents 
wer^obtained using a Brookhaven BI-90 Particle Sizer which employs a lightscattenng technique. Sheet gloss and 
pTgtss j£ ^measured at a 75- angle using a Technidyne T480 Glossmeter supplied by Technidyne tocated in , New 
AllyTd^a ^ne test method for measuring gloss was Tappi Test Method T-480 published in "Tappi Test Methods 

1994-1995* bv Tappi Press located in Atlanta, Georgia. — Me 

Also to the examples the amount of core acid expelled and water uptake of the parties upon rupture was ^meas- 
uredTcen wXpro^mate^ 30 grams of the neutralized polymer partfc.es with a Sorval tab.e top centrrtuge at 
8 0^ Rp" ^ for Ts hours The supernatant .k,uid was poured off. and weighed. A.so, the weight of the , E entr rt uged 
£SyL" particles was obtained. The supernatant Uqud was utrated w«h 0.5 N HC. using a Radiometer Automatic 
Titrator to determine the core acid expelled. 

The core acid expelled (pKa around 6.5) was calculated by Equation 1: 
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%Core Acid Expulsed = 



ml Titer x 0.5N Acid 
(Theor. meq acid) x g solids 



xlOO 



Equation 1 
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where: "Theor. meq acid" is the theoretical milliequivalence of acid in the core in 1 gram of polymer particles, "g solids- 
is the grams of polymer solids after centrifuging. 

The water uptake of the polymer particles was calculated by Equation 2: 



15 
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Water Uptake = 



(((g samp - g super) - g solids) - (0.4 x g solids)) 



g solids 



Equation 2 
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where: "g samp" is the grams of sample centrifuged, "g super" is the grams of supernatant liquid, -g solids' has the 

same meaning as in Equation 1 . . , . » . + . ;~ ♦*« Thic waq 

The value of 0.4 in Equation 2 is an approximation of the correction for interstitial water in the plug. This was 

determined separately on a polymer of similar composition and particle size. 
The following abbreviations are used in the Examples: 

Table 1: 



Abbreviations 


Abbreviation 


Meaning 


BA 


weight percent butyl acrylate 


Dl 


De ionized 


EA 


weight percent ethyl acrylate 


MAA 


weight percent methacrylic acid 


MMA 


weight percent methyl methacrylate 


nm 


nanometers 


pbw 


parts by weight 


SDS 


sodium dodecyl benzene sulfonate 



Example 1 ■- Synthesis of Core 

A 5-liter flask equipped with paddle stirrer, thermometer, nitrogen inlet, and reflux condenser was charged with 
1700 grams (g) of deionized water (Dl water). The water was heated to 65'C under nitrogen atmosph T** ' & 
grams of a monomer emulsion was added to the flask. The monomer emulsion was prepared from 335 g i Dl water ,3.5 
g of sodium dodecyl benzene sulfonate, 23 % act^e ingredient, (SDS), 364.5 g methyl methacrylate^ and 4.35 g el 
methacrylic acid After stirring the kettle for 5 minutes at 80 »C, a sodium persulfate soluHon of 2.75 g of sod.um 
J2 dSotved in 15 g of deionized water was added to the flask. The temperature 

allowed to rise 1 to 2 °C. To the previously prepared monomer emulsion, an additional 7 g of SDS and 241 g of meth- 

a TaSd wle added. Ten mles after ?he addition of the sodium persulfate solution to »e ask 

addition of the remaining monomer emulsion over 2 hours was begun. The temperature was held at 80»C dunng the 
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monomer emulsion addition. Twenty mtoutes after the monomer addrtion was completed, the ^e was cooled to 
2™C. The polymer was filtered through a 100 mesh screen. The filtered dispersion of polymer had a pH of 3. 1 . 22.27 
weight percent solids, and an average particle diameter of 330 nm. 

Example 2 -- Synthesis of Polvmer Particles . 1:2 Core to Shell Weight Ratio 

To a 5-liter flask equipped with paddle stirrer, nitrogen inlet, reflux condenser, and thermometer was added 400 
orJs Dl water a* Scrams of the core made in Example 1. The mixture was heated to 60«C under nitrogen 
ZZ^Te^ltl^Z^ of iron sulfate (0, 5 weight percent act.e) was addec . flowed by j, ^n 
of 1 2 arams of sodium persulfate dissolved in 100 grams of Dl water. A monomer emulsion of 200 grams of Dl water, 
6 gram o™DsT 7 2 gLs of ethyl acrylate. 397.8 grams of methyl methaaylate, and 1 0.2 grams of methacryl.c «d 
wL gTad° aT,y addeS to the flask ala raTe of 2.2 grams per minute. Concurrent with the addition of 
was gradually added a solution of 2.8 grams of sodium bisulfite in 200 gram Dl water, and a separate soUit.on of 2* 
^SX^L^ dissolved ?n 200 grams of D. water; each solution was added at a rate of 2^ grams^ per 
minute After 10 minutes into the monomer emulsion feed, the monomer emulsion feed was increased to 4.4 grams 
Z mLte at er Znty more minutes, the monomer emulsion feed rate was increased to 11 .7 grams per m.nut^he 
ZZZ^V^Oon mixture was maintained at 60°C throughout the addition of the monomer emu .lam At the 

ccTpletno^ 

^filtered through a 100 mesh screen. The po^mer product had 30.5 weight percent sol.ds and an average part.de 

^"■fne^esuning polymer product was swollen and "ruptured" by mixing 200 grams of the polymer product with 7.44 
grams of Zn£L 0B weight percent active) and 97.56 grams of deicmed water. HaK of this mocture was heated for 

for cThTr and Mother halt was held at room temperature for 24 hours. Both 
core acid expelled and water uptake. The sample heated had 66 percent of its core acid expelled and had a water 
uplake of 2 22 grams water per grams polymer parties. The sample swelled at room temperature had 68 percent of 
its core material expelled and had a water uptake of 2.22 grams water per grams polymer particles. 

Example 3 - Synthesis of Polvmer Partic le with Core to Shell Ratio of 1:4 

To the equipment in Example 2 was added 850 grams D. water and 954.2 grams of the core mad. .in 
The mixture was heated to 60«C under nitrogen atmosphere and then a 20 gram solut.on of iron sulfate (0.15 we gh 
^ert^wa added, followed by the addition of 1.2 grams of sodium persulfate dissolved « ° 
water A monomer emulsion of 250 grams of deionized water. 5.25 grams of SDS 34C .grams crfethy ^ f 
grams of methyl methaciylate. and 1 2.75 grams of methacryhc acd was 

grams per minute. Concurrent with the addition of monomer emulsion was graduallyadded a solution ^^°*"5 9^ 
^sodium bisulfite in 250 grams Dl water, and a separate solution of 3.25 grams of sodium persulfate d.ssolved in 250 
g^s o7 ^ water; each solution was added at a rate of 1 .9 grams per minute. After 10 minutes ,nto the monomer 
Ss™ feed he monomer emulsion feed was increased to 4.4 grams per minute. After twenty more minutes the 
Zo™ ° ate was increased to 9.4 grams per minute. 

at 60»C throughout the addition of the monomer emulsion. At the completion of the feed* the m ^ ure o W ^™.l 6 n ° r 
X tor fitteen minutes and was then cooled to room temperature and filtered through a 1 00 mesh screen. The polymer 

product 30.5 weight percent solids and an average particle size of 560 nanometers. 

^e resulting potymer product was swo.len and ruptured by mbcing 200 grams of the polymer ^product w, h 4.43 
orams of ammonia (28 weight percent active) and 97.56 grams of Dl water. Half of th.s mucture was heated fa 6C C 
ZZelZZ the other haK was held at room temperature tor 24 hours. Both ™P» ™ <£»™^ 
acid expelled and water uptake. The sample heated had 59 percent of .ts core acid expelled and had a water uptake 
of 1 eTg^^teTper grams polymer particles. The sample swelled at room temperature had 46 percent of rts core 
material expelled and had a water uptake of 1.17 grams water per grams polymer particles. 



Examples 4-1 9 



Polymer Particles were prepared simifcr to the process in Example 3 except that the 
ratio of "he core to shell, core particle size, and overall particle size were varied. The core particle size was varied 
primarily by adjusting the surfactant level in the emulsion polymerization. 
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Table 2: 

Polymer Particle Compositions f or Examples 4-19 

Shell T Weight Ratio of 
Composi tion | Core : Shell 

40EA/58.5MMA/ I 1:4 
1.5 MAA | 

40EA/58.5MMA/ I 1:4 
1.5 MAA 



Exampl 
e 
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11 



12 



13 



14 



15 



16 



17 
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Core 
Composition 

60 MMA/40MAA 
70 M MA/30 MAA 



35 MMA/65MAA 



98 M MA/2 MAA 



40EA/58.5MMA/ 
1.5 MAA 

40EA/58.5MMA/ 
1.5 MAA 



60 MMA/40MAA 



60 M MA/40 MAA 



60 MMA/40MAA 



60 MMA/40MAA 



40EA/58.5MMA/ 
1.5 MAA 

65EA/33.5MMA/ 
1.5 MAA 

40EA/58.5MMA/ 
1.5 MAA 

30EA/68.5MMA/ 
1.5 MAA 



70 MMA/30MAA 



40EA/58.5MMA/ 
1.5 MAA 



60 MMA/40MAA 



30BA/68.5MMA/ 
1.5 MAA 



60 MMA/40MAA 



60 MMA/40MAA 



60 MM A/40 MAA 



40EA/58.5MMA/ 
1.5 MAA 

40EA/58.5MMA/ 
1.5 MAA 

40EA/58.5MMA/ 
1.5 MAA 



60 MMA/40MAA 



40EA/58.5MMA/ 
1.5 MAA 



60 MMA/40MAA 



40EA/58.5MMA/ 
1.5 MAA 



19 

*Not swollen 



60 MMA/40MAA 



40EA/58.5MMA/ 
1.5MAA 



1:4 



1:4 



1:4 



1:8 



1:2 



1:2 



1:4 



1:4 



1:4 



1:4 



1:4 



1:2 



1:4 



1:4 



Core Particle 
Size (nm) 

355 
347 
261 
410 



377 



377 



248 



248 



347 



355 



205 



267 



401 



522 



522 



Swollen Particle 
Size (nm) 

869 
825 
560 
700 



868 



1000 



515 



510 



825 



910 



487 



575 



950 



1080 



1280 



611* 



The polymer particles useful in the present invention were evaluated in low gloss paper coatings for optical prop- 

erties. The procedure used was as follows: MM r ™=,tinn 

?he poVmer particles were formated into low gtoss paper coating composrt.ons. Each low *™ ^<»«"B 
composition was prepared by first making an aqueous sluny consisting ot the horganc pigments, de.on.zed water, 
and dispersant shown in Table 3 below. 
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10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



Table 3: 

Composition of Low Gloss Paper Coating 



Ingredients 


A 


B 


C 


No.1 Clay (90-94% particles < 2 microns) 


47 


0 


75 


No 2 Clav (80-84% particles < 2 microns) 


0 


61 


0 


Ti0 2 1 


7 


0 


0 


UltraFine Ground Calcium Carbonate 2 


25 


33 


19 


Calcined Clay 3 


15 


0 


0 


Deionized Water 


balance 


balance 


balance 


Acumer® 9000 4 


0.2-0.3 


0.2-0.3 


0.2-0.3 


Test Polymer 


6 


6 


6 


Styrene Butadiene Latex 6 


9 


12.5 


9 


Starch 6 


12 


3.5 


12 



Coating Composition (pbw) 



la nPure® R-900 supplied by DuPont 

2 Hydrocarb® 90 supplied by Omya Inc. 

3 Ansilex® 93 supplied by Engelhard 

4 Supplied by Rohm and Haas Company 

5 Dow-615, supplied by Dow Chemical Company 

6 Pengum 290 supplied by Pen gum 

Enough of deionized water was added to the aqueous pigment slurry to obtain 72 ± 2 weight percent solids. After 
the slurry was formed, the polymer to be evaluated, styrene butadiene latex and starch were added. The pH of each 
coating composition was adjusted to a pH of about 8 with aqueous ammonium hydroxide (28 weight percent active). 
Deionized water was then added to adjust the concentration of solids in each composition to between 52 and 58 weight 

percent solids. . 

For each coating composition in Table 3, a control composition, was prepared using the ingredients shown in Table 

4: 



Table 4: 




The control compositions were prepared by the same method used for making the coating compositions in Table 
3, except that no Test Polymer was added. The ingredients were the same as those used in Table 3, except Rhoplex® 
ASE-75 was used which is supplied by Rohm and Haas. 
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The viscosity of the coating compositions were measured using a Brookfield LVF viscometer, spindle number 4, 
at fin mm The comDOs'itions ranqed in viscosity from about 1000 to about 6000 centipoises. 

3 andTwas applied to a number of paper sheets having dimensions o. about 
23 cms S ^TEtafertng manner. The coating composition was drawn down by hand onto the paper sheet 
usinoTvoS aTs or#6 Meyer wire wound rod. The coating composition was applied tothe paper sheet ,n an amount 
Tu Xm! ot^er sheet. The coating compos«ion was applied to the , wire Jj^£;£ 
machine direct^ of the paper sheet. The wire wound rod was obtained f™ M n ^ter, New York. 

The paper sheet was a typical North American freesheet base stock having a weight of about 61 gfrr* 

^rh r^ted oaoer sheet was oven dried at 80»C for one minute and then conditioned overnight at about 22 C 

and «-*b ° n ,he sheet — de,ermined af,er oveml i ht ea i^ss^ 

suwLinX Sht o, ,he average of several uncoated paper sheets (of the same dimensions as the coateC £heets) 

PA sheet. The several paper sheets closest to the target weigh, 14.8 g/ m* were 

^Csh^^ with one pass, at a rate of about 1 83 meters per minute using a laboratoo; 

calen^ ^chte designed to simulate supercalendering conditions. The calendering was done a tempe^ture of 
TTZl™v*s*Mel pressure to produce a constant sheet gloss. After calendering, each sheet was evaluated 

Several sheet gloss measurements were taken in a line down the middle of each sheet. The gloss ™asuremen,s 
for £^Z£d sheets were averaged. The resuKs of sheet g.oss for the dflerent coatmg composes are 

reP °S:rg. T ot ,e th 6 e difference in gloss between a printed and unprinted area of a ^^^f™^ Jjj 
ccJna composition as follows. Several coated calendered sheets which had the closest average sheet gloss were 
S oTthe sheet to obtain a strip, 4.7 cm by 23 cm in dimensions. The strip was printed to < all surface 

area wilh ink using a Prufbau Printer, obtained from Prufbau located in Munich, Germany. The settings on the Pruf bau 
printer were the following: 

Table 5: 



Prufbau Printer Settings 


Print speed 


0.5 meters /seconds 


Pressure on form roll 


850 Newtons 


Ink volume 


0.15 milliliters 


Ink distribution on blanket roll 


45 seconds 


ink distribution on form roll 


1 5 seconds 



The type of ink used was b.ack heat set which was obtained from Wikof. located J Fort 
orintinc the strios were heat dried at about 50°C for 2 minutes. The strips were conditioned overnight at 22 C and 50 

Sent'S^^ 

pSu^fl used for'sheet gloss. The average print gloss for each coating 

The delta gloss was calculated by subtracting the average sheet gtoss from the average print gloss The i g eater 
the dX^s v^e the more contrast in g.oss there is between the unprinted and printed areas of a sheet. The 
resute of deS gToss or each of the compositions tested are shown in Table 6. The "A Delta Gtoss" shown, .Tab ,6 
I X I dlrence between the delta gloss of the coating composition containing the test polymer and the appropriate 
control composition. 



Gloss Properties of Coating Composition 



Example 



20(comp) 



Test 
Polymer 
from 

-- (control) 



Coatin 
9 



Calender 
Pressure 
(kN/m) 7 

171 



T ABLE 6: 

75 s Sheet 
Gtoss 

36.1 



75° Print 
Gloss 

72.3 



Delta 
Gloss 

36.2 



A Delta 
Gloss 



Calender pressure measured in Wtonewtons per meter 
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TABLE 6: (continued) 



QI088 Properties of Coating Composition 



Example 



21 (comp) 
22(comp) 
23 

24(comp) 
25(comp) 

26 



Test 

Polymer 
from 

Ropaque*© 8 
OP84 

Ropaque 
HP91 

Example 4 



(control) 

Ropaque 
HP-543 

Example 4 



27(comp) | - (control) 
28 Example 4 

Calender pressure measured in kilonewtons per meter, 
8 registered trademark of Rohm and Haas Company. 



Coattn 
9 



B 
B 

B 



C 
C 



Calender 
Pressure 
(kN/m) 7 

91 
72 
143 

168 
54 

138 



240 
252 



75° Sheet 
Gloss 

39.5 

39.3 

33.3 

32.9 
34.8 

34.6 

43.6 
39.1 



75° Print 
Gloss 

78.0 

77.5 

74.9 

66.3 
71.3 

73.5 

76.1 
76.8 



Delta 
Gloss 

38.5 

38.2 

41.6 

33.4 
36.5 

38.9 

32.5 
377 



A Delta 
Gloss 

2.3 

2.0 

5.4 



3.1 



5.5 



5.2 



Examples 20-28 in Table 6 show that low gloss coating compositions containing the po^mer particles are effective 
in increasing the delta gloss of a substrate coated with the low gloss composition, in comparison to a substrate coated 
w^the corresponding control, containing no test polymer. The results in Table 6 show that the polymer part.cles 
increase delta gloss in a variety of low gloss coating compositions. u.„ ArB 

Table 6 also shows that the polymer particles are more effective in increasing delta gloss in comparison to polyme s 
which contain voids, but are not "ruptured", hereinafter referred to as "hollow sphere pigments . For 
OP 84 HP-91, and HP-543 in Table 6 (Comparative Examples 21. 22, and 25), are hollow sphere P<omant8^nd 
showed lower delta gloss in comparison to Examples 23 and 26. The hollow sphere pigments are available from Rohm 

^ In^dS in delta gloss, the results in Table 6 show that the low gloss coating compositions 

containing the polymer particles generally maintain or decrease sheet gloss which is developed during calendering, 
hereinafter referred to as "sheet gloss development", in comparison to the corresponding control 

Polymer particles of various acid content, shell composition, and particle size were evaluated in a low gloss com- 
position .for their effectiveness in improving delta gloss. The effect of delta gloss by varying these P«^« » ^ 
in Tables 7, 8, and 9. The procedure for measuring sheet gloss, print gloss, and delta gloss was the same as used for 
Examples 20-28. The coating composition used for the Examples in Tables 7-9 was Composrt.on A shown in Table a 

The results in Table 7 show that low gloss coating compositions containing polymer parties having , d Werent 
amounts of swelling compound in the core are effective in increasing the delta gloss of a substrate coated^ ^h the low 
gloss composition in comparison to a substrate coated wrth the control composition, containing no test a P^r Ex- 
amples 30-31 and 33-34 in Table 7 also show that as the amount of acid functional monomer .s increased ,n the core 
of the polymer particle, the delta gloss of the coating composition improves. 
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Table 7: 



Effect of Polymer Acid Content on Delta Gloss 




Parts by acid monomer in core per 100 parts polymer particle© 
*• Did not swell or expell acid. 

The results in Table 8 show that low gloss coating compositions containing polymer particles having differing shell 
compositions are effective in increasing the delta gloss of a substrate coated with the low gloss W**^™ 
oarison to a substrate coated with the control composition, containing no test polymer. Examples 35-43 .n Table 8 also 
show that Xer particles, having shell glass transition temperatures (Tg) ranging from 1 9 -C to 54 -C ^werj ; effete 
in increas£g the delta gloss of a substrate coated with Composition A in comparison to a substrate coated with Control 
Composition A. 



Table 8: 



Effect of Shell Co mposition on Delta Gloss 
Example 



Polymer 

from 
Example: 

(control) 

Example 8 



Tg Shell 
Composltlo 
n 




Tg 
Shell 



75° Sheet 
Gloss 



75° Print 
Gloss 



Delta 
Gloss 

19.3 
25.2 



A Delta 
Gloss 
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Table 8: (continued) 



Effect of Shell Composition on Delta Q loss 
Example 



40 



41 (comp) 
42 



43 



Polymer 

from 
Example: 

Example 11 



(control) 
Example 12 



Example 13 



Tg Shell 
Compos It lo 
n 

30EA/ 
68.5MMA/ 
1 .5 MAA 



40EA/ 
58.5MMA/ 
1 .5 MAA 

308A/ 
68.5MMA/ 
1 .5 MAA 



Tg 

Shell 

54 



44 



44 



75° Sheet 
Qloss 

29.9 



30.3 
31.3 



30.0 



75° Print 
Gloss 

68.2 



66.4 
70.3 



68.8 



Delta 
Gloss 

38.3 



36.1 
39.0 



38.8 



A Delta 
Gloss 

5.9 



2.9 



2.7 



The results in Table 9 show that low gloss coating compositions containing polymer particles of varying particle 
size are eff ectivs in increasing the delta gloss of a substrate coated with the low 8"™ «^ 
a substrate coated wrth a control composition, containing no test polymer. Examples 44-51 n Table 9 show that ^mer 
particles, having an average swollen particle size from 487 nm to 1280 nm were effective ,n .ncreasmg the delta gloss 
of Composition A in comparison to Control Composition A. 



Table 9: 



Example I 


Test 
Polymer 


Core 
Particle 
Slze(nm) 


Swollen 
Particle 
Size 
(nm) 


Calen. 
Pres. 
(kN/m) 


75° 
Sheet 
Gloss 


I 75° Print 
Gloss 


Delta 
Gloss 


A Delta 
Gloss 


44(comp) J 
|45 


Control 

Example 
14 


205 


487 


119 
191 


30.6 
31.8 


| 68.7 \ 
I ^ I 


38.1 
44.5 


I ^ 


|~46 


Example 


267 


575 


108 


30.3 


1 72A [ 


41.8 


1 3J 




15 










I 


42.9 


I ^® 


I 47 


, Example 
4 


377 


869 


96 


29.7 


|48 


Example 
| 16 


401 


I 950 




29.6 


1 ™^ 


41.1 


1 ^° 


49(comp) 

fio 


I Control 
I Example 
I 4 


377 


1 869 


1 143 
I 131 


28.2 
28.8 


I 60.5 
1 605 


i 32.3 
40J 


1 


52 


1 Example 
1 17 


522 


1080 


84 


27.2 


71.6 


44.4 


12.1 


51 


I Example 
I 18 


522 


1280 


131 


28.6 


66.7 


38.1 


5.8 



Unswollen polymer particles which were added to a low gloss coating composition, and then swell ed Land ruptured 
in the low gloss coating composition, were evaluated for their effectiveness in .mprovmg delta gloss. The foltowng 



14 



EP 0 842 992 A2 



procedure was used: 

A low gloss coating composition was prepared according to the method tor making Coating Composition A in Table 
3, except that the test polymer was not swelled or ruptured until after being added to the composition. The test polymer 
used was prepared according to Example 19. The composition prepared was divided in two parts; and each part was 
neutralized with aqueous ammonia (28 weight percent active) to the pH shown in Table 10. The coating compositions 
were then held at room temperature for at least an hour The two coating compositions and Control Composition A 
were evaluated for delta gloss according to the same procedure used for Examples 20-28 in Table 6. 

Example 54 in Table 10 shows that polymer particles which are ruptured in the low gloss coating composition are 
effective in increasing delta gloss on a substrate coated with the composition in comparison to the Control, containing 
no polymer particles (Comparative Example 52). Comparative Example 53 shows that enough swelling agent must be 
added to the low gloss composition to swell and rupture the polymer particles in order obtain an improvement in delta 
gloss in comparison to the Control. 



Table 10: 



Performance of Polymer Particles Neutralized in the Coating Composttlor 


i 


Example 


PH 


75° Sheet Gloss 


75° Print Gloss 


Delta Gloss 


A Delta Gloss 


52 (Control A) 


8.0 


30.1 


63.8 


33.7 




53 (comp) 


8.0 


29.6 


63.0 


33.4 


-0.3 


54 


9.5 


29.0 


66.5 


37.5 


3.8 



The polymer particles were evaluated for their effectiveness in maintaining or decreasing sheet gloss when applied 
in a low gloss coating composition to a substrate which is then calendered. Test polymers were formulated into Coating 
Composition A according to the method used for Examples 20-28 in Table 6. Each coating composition was then coated 
and calendered onto a paper substrate according to the method used for Example 20-28 in Table 6 ( except that a 
constant calendering pressure of 72 kN/m was used. The sheet gloss of each paper substrate was measured according 
to the procedure previously described. 

Table 11 shows that the polymer particles maintain or decrease sheet gloss development in comparison to the 
Control, containing no test polymer (Comparative Example 55).. Table 11 also shows that hollow sphere pigments 
(Comparative Examples 56-58) increase sheet gloss in comparison to the Control. 



Table 11 



Development of Sheet Gloss at Constant Calender Pressure 


Example 


Test Polymer 


75° Sheet Gloss 


55 (Control A) 




30.7 


56(comp) 


Ropaque® 10 HP-543 


40.8 


57(comp) 


Ropaque OP-84 


38.8 


58 (comp) 


Ropaque HP-91 


40.1 


59 


Example 4 


28.4 



1U registered trademark of Rohm and Haas Company 



Claims 

1 . A low gloss coating composition comprising: 

one or more polymer particles; and one or more pigments; 

wherein the polymer particles comprise at least one polymer core phase containing at least one void; at least 
one polymer shell phase at least partially surrounding the core; and at least one channel connecting the void 
in the core to the exterior of the particle; 

wherein the coating composition comprises from 1 .0 part by weight to 50 parts by weight of the polymer par- 
ticles per 100 parts of the pigment, and wherein the coating composition has a 75° sheet gloss of 50 percent 
or less. 
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2. The low gloss coating composition of claim 1 : wherein the polymer particles contain at least 0.5 weight percent of 
a swellable compound based on the total weight of unswollen polymer particles. 

3. The low gloss coating composition of claim 1 wherein the polymer particles contain in the at least one core phase, 
as polymerized units, at least 5 mole percent of a monoethylenically unsaturated functional monomer having at 
least one functional group selected from the group consisting of a basic, acidic, and hydrolyzable group. 

4. The low gloss coating composition of claim 1 wherein the polymer particles contain in the at least one core phase, 
as polymerized units, at least 5 mole percent of an monoethylenically unsaturated acid functional monomer. 

5. The low gloss coating composition of claim 1 , wherein the polymer particles contain in the at least one shell phase 
one or more monomers selected from the group consisting of (CVC 20 ) alkyl, (CVC^) hydroxyalkyl, and (C^-C^) 
alkenyl esters of (meth)acrylic acid. 

is 6. The low gloss coating composition of claim 1 , wherein the polymer particles have a core to shell weight ratio ranging 
from 1:1 to 1:20. 

7. The low gloss coating composition wherein the polymer particles have an average swollen particle size of from 
200 nanometers to 2000 nanometers. 



10 



20 



45 



50 



8. The low gloss coating composition of claim 1 , wherein the composition is made by a process comprising: 



a) forming a mixture comprising unruptured polymer particles; wherein the unruptured polymer particles com- 
prise at least one polymer core phase containing a swellable compound; and at least one polymer shell phase 

25 at least partially surrounding the core, and 

b) adding a swelling agent to the mixture to form at least one void in the core phase and at least one channel 
connecting the void in the core to the exterior of the particle. 

9. A method of improving the print quality of a substrate comprising: applying the low gloss coating composition of 
30 claim 1 to the substrate. 

10. The method of claim 10, wherein the print quality improved is delta gloss. 

11. A method of making a low gloss coated substrate comprising: applying to a substrate the low gloss coating com- 
as position of claim 1 . 

12. A low gloss coated substrate produced by the method of claim 12. 
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